Abstract: Globally, unidentified hearing loss is the largest and most significant childhood disability impacting on development. Of the babies born annually with hearing loss, 90% come from developing countries. Less than 2.5% of these babies will get hearing aids and less than 10% will ever have access to early intervention.
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Some are reported as even higher e.g. 7.9/1000 births in Pakistan [47, 66] . population with increasingly long life expectancies [2, 13] .
Children may be either born with a hearing loss (a congenital hearing loss) or acquire it after birth. There are more than 400 syndromes, sequences and associations that include hearing loss as a major feature [14] accounting for up to 50% of infant hearing losses [15] (see Table 2 for the aetiological and risk factors).
A disabling hearing loss is usually described as one above 30 or 40dB [2, 16] , however research and experience has shown that if it remains undetected all hearing loss (including minimal and unilateral hearing losses) can have detrimental consequences [17] [18] [19] [20] . These consequences include delays in language development, cognitive development and socioemotional development [6, [21] [22] [23] [24] which may result in persistent language delays of 2-4 years [25] . These delays then have far reaching ramifications for academic, employment and societal integration [25, 26] , particularly in developing countries. In addition to the impact of hearing loss on the child, there is also an impact on the family [27] [28] [29] and larger community [30] with communities in developing countries attributing stigma for the hearing loss to supernatural causes [31] or ancestral punishment [16] .
At a societal level Mohr et al. [32] have calculated that the economic impact of this burden of disease for the life span of a person with a hearing loss is $1 million, highlighting the imperative to identify hearing losses as soon as possible.
EARLY HEARING SCREENING AND DETECTION
As early as the 1960's paediatric audiology and newborn screening were being pioneered in the USA, Most of these studies included children with unilateral and mild hearing losses (although a detailed breakdown was not given), the community-based study from Nigeria may have included a significant number of infants with postnatal hearing loss and studies from Qatar and Kuwait were reported from populations with high rates of consanguinity.
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The current list of developing countries are published in the International Monetary Fund's World Economic Outlook Report, April 2012 [7] . c The data were collected from a systematic review of studies on infant hearing screening across the developing world since 1998. with the majority of the developed world following suite in the years to follow [33] . Internationally this has led to a strong move toward not only newborn screening, but universal newborn hearing screening (UNHS) where it is proposed that screening for hearing loss occur by no later than 1 month of age, diagnostics follow shortly thereafter to be finalized by three months of age and referral to early intervention to be in place by no later than six months of age [26] . This screening to intervention process is referred to as the 'early hearing detection and intervention' pathway (EHDI)
Screening protocols of the Joint Commission on Infant Hearing (JCIH) (used widely as a reference document) propose physiological measures using a 2-stage screening protocol: an initial screening using an OAE 2 (otoacoustic emissions test) followed by an automated ABR (automated brainstem response) if the first screen is not passed [26, 34, 35] . This is echoed by Olusanya [5] in a report on screening in Nigeria and McPherson and Olusanya [36] in discussion of screening in developing countries. In practice however, two studies in South Africa, one a national survey and the other a smaller geographically focused area, both reported on a one-stage screening protocol using predominantly OAE's alone with the rationale being one of ease and cost of screening [4, 37] .
In the developed world the current protocol is that to a large extent they follow UNHS (Universal Newborn Hearing Screening) with a 95% screening rate in the USA [38] and 99% in the UK [39] . Yet more than 90% of babies born in South Africa do not have the prospect of either screening or early detection [40] with an even lower prospect of identification in most other developing countries.
Screening in the developed world usually takes place in the hospital or clinic within a few days of birth and often before the child is discharged from the hospital. Less than 60% of babies born in developing countries are born in hospital [10] with numbers dropping to as low as 35% in South Africa and Nigeria, and 15% in Somalia among others [9] . This has led to various recommendations for community-based screening programmes to be offered in immunization clinics or Maternal and Child community clinics [4, 41] .
Historically, screening and diagnostics have been performed by Audiologists and Ear Nose and Throat 2 Protocols for equipment vary: TEOAEs were used in Nigeria while DPOAEs and AOAEs were used in the South African studies.
surgeons (ENTs), however a recent survey of services within hearing health care in Africa revealed a severe shortage (or total lack) of ENT surgeons and Audiologists [42] . As opposed to the average ratio of audiologists to people in developed countries (1/20 000), the ratio in developing countries ranges from 1/500 000 to as high as 1/6.25million [13, 43] . Due to this dearth of hearing healthcare professionals, recommendations have been made to consider using nurses [4, 37, 44, 45] and other paraprofessionals in the screening of hearing loss [5, 46] . More recently recommendations have been made to consider telehealth as offering opportunities to access the full spectrum of EHDI in underserved populations [13] without the on-site availability of an audiologist.
In addition to a lack of professionals in the field, developing countries have widespread resource constraints [45] that they are going to need to adapt to. Fagan & Jacobs (pg 7) propose a "lower technology, lower cost developing world medical practice" [42] and to this end the Joint Commission on Infant Hearing (JCIH) and Olusanya [5, 45] have recommended that rather than universal newborn hearing screening (NHS), developing countries implement targeted newborn hearing screening (TNHS). This would include many of the high risk factors noted in Table 2 , as well as some sites also requiring a bilateral refer, thus excluding any unilateral refers at screening.
Ideally, those infants with unilateral refers or bilateral passes with risk factors for hearing loss should be monitored in terms of their language development and milestone achievements on a 6-monthly basis [4, 26] in order to identify the children who either acquire or have late onset hearing loss.
In terms of this first phase of the EHDI pathway there are currently no benchmarks for evaluating infant hearing screening in developing countries, though all the pilot studies that have been done to date have made use of the JCIH guidelines [47] . Proposals have been made for developing countries to make use of targeted screening [4, 5, 34, 45] , and that despite cost effectiveness and resource constraints withholding newborn hearing screening could not be justified for any population, but rather that context specific strategies be sought [9] .
Once identified the EHDI pathway leads toward intervention and Young and Tattersal [28] state that "early identification is of little importance if it is not combined with quality services that can realize for children and families the potential advantage of significantly earlier diagnosis than had previously been the case" (p 209).
EARLY INTERVENTION
The process of early intervention includes amplification, therapeutic intervention as well as holistic child and family-centred early intervention. As with screening and diagnosis, it is acknowledged that the referral to intervention also needs to occur as early and as swiftly as possible [26] . Based on current research in developing countries it appears that beyond the primary focus of preventing or detecting hearing loss early [48] , this is the component of the EHDI pathway that is most lacking.
The benefits of early intervention are extolled internationally [49] [50] [51] [52] though currently in the developing world the primary focus is on amplification [53] .
The Convention on the Rights of Persons with Disabilities recognizes that access to assistive technology such as hearing aids is a basic right for persons with hearing impairment [54] . The World Health Organization estimates that fewer than 1 in every 40 people (less than 2.5%) who could benefit from hearing aids actually receive this device [2, 55] . This was confirmed through a survey of 18 African countries in which 9 reported that they had no access to hearing aids, 7 said their access was poor and only 2 said they had good access to hearing aid services [42] . In contrast one longitudinal study (n=615) found that 94.5% of the infants were amplified 3 . Some of the challenges that developing countries experience with amplification include: affordability of the hearing aids, earmoulds and batteries [53] , a chronic shortage of professionals to either assess hearing or provide the rehabilitative services [43] , lack of awareness and tropical climates that impact on life-term of the hearing aid [55] .
In terms of affordability, the WHO has established a guideline of affordability to ensure that hearing aids don't cost more that 3% of gross national product (GNP) per capita [53] . Using this affordability guideline, this would translate to a costing range of 'equitable' prices from the USA ($1390) to China ($110) to Ethiopia ($10) [55] , however, this seems hard for the 3 This research is from an unpublished annual report on an early intervention programme in South Africa [67] . manufacturers to reach, making hearing aids largely unaffordable to the developing world. Subsequently, local manufacturers are producing low-cost hearing aids in China and India for example [55] and where possible loaner hearing aid banks could be used [56] . In order to cut costs for earmoulds, Brouillette [53] proposes that in developing countries earmoulds need not only be custom made two-stage moulds, but that the stock ear canal tip be used (currently as many as 60% of hearing aid wearers in the least developed countries prefer these) or the one-stage 'instant' earmould (particularly for a severe to profound hearing loss). And finally the long-term cost of hearing aids batteries can be averted through either low-cost rechargeable batteries or using solar powered hearing aids (see discussion of Godisa in Brouilette, 2008). In order to overcome the shortage of access to professionals during the amplification process, Swanepoel et al. [13] propose making use of telehealth (see Table 3 ) which would make professional services more accessible through either synchronous or asynchronous support. Finally, awareness campaigns on hearing loss and the benefit of amplification need to be run [53] as well as an exploration of the possibility of weather proofing hearing aids for more tropical climates [55] .
While effective amplification is an essential component of post identification intervention, Yoshinago-Itano & Thomson [56] (pg 20) urge the sector "not wait to provide intervention service until hearing aids have been acquired" and that the primary objective of early intervention is access to communication, whether auditory or visual. In addition to communication, early intervention has as its goal to "meet the developmental needs of the child and the needs of their family related to enhancing the child's development" [57] . Effective early intervention is holistic and multifaceted [25, 26, 34, 58] as well as family-centred [25, 59] . Internationally, early intervention is often home-based [59] , is totally unbiased and embraces informed choice [60, 61] as it relates to the gamut of choices parents need to consider (from amplification to language to modality to schooling among others).
In two studies on this second phase of the EHDI pathway the average age of identification was 24 months (n=54) [62] and 31 months (n=20) 4 with age of 
CONCLUSION
All children with significant hearing loss have the basic human right to have access to human communication, regardless of where they are born, of their race, ethnicity or national origin, of how much income their family makes, the level of education of their parents, or the type of occupation (pg 1) [56] . To this end, developing countries need to ensure that this basic human right is acknowledged and prioritized by linking the implementation of such EHDI programmes to existing health, social and educational systems and where possible setting up private-public partnerships to enable the implementation [45] .
There is widespread agreement that the golden standard to which developing countries should aspire in setting up EHDI processes is UNHS using physiological measures (OAE and ABR). Due to unique local challenges and resource constraints, however each small step toward the goal would be a valuable interim measure: whether starting with a geographical subset of infants (eg. a hospital or a clinic in a specific area) and working toward NICU, high risk and then national screening of babies or whether starting with family questionnaires and working toward behavioural and then physiological screening [63] .
As the developing world looks ahead to putting national plans in place (WHA, 1995), time and energy needs to be invested into establishing national infrastructures that will ensure that each infant identified with a hearing loss (and their families) receives appropriate intervention services [56] , as investing in early childhood will bring about important economic returns later in life [64] . Usually involves a paraprofessional or trained volunteer to facilitate the telemedicine setup at the remote location whilst the health care provider (audiologist) is present remotely via interactive videoconferencing.
